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METHOD AND APPARATUS FOR
OPTICALLY MEASURING DISTANCE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims the benefit
of priority from Japanese Patent Application 2018-030457
filed on Feb. 23, 2018, and the disclosure of this application
is incorporated in its entirety herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to methods and appa-
ratuses for optically measuring a distance of a target object.

BACKGROUND

[0003] Inrecent years, we have increased our demands for
obtaining optical measurement technologies that are capable
of measuring a distance of a target relative to our own
vehicle faster; the distance of a target object can be used for
autonomous driving of the own vehicle and/or avoiding a
collision of the own vehicle with the target object.

SUMMARY

[0004] According to a first exemplary aspect of the present
disclosure, there is provided an apparatus for performing a
measurement task of optically measuring a distance of a
target object. The apparatus includes a light receiving unit
including, in a light detection region thereof, a plurality of
light receiving elements to which return light from a mea-
surement space is incident. Each of the plurality of light
receiving elements is configured to output an intensity signal
based on a corresponding intensity of the return light. The
return light includes reflected light reflected based on reflec-
tion of the measurement light by the target object. The
apparatus includes an identifying unit configured to identify
a light receiving area in the light detection region as a
function of the intensity signals of the plurality of respective
light receiving elements. The light receiving area is based on
specified light receiving elements in the plurality of light
receiving elements, the specified light receiving elements
being arranged to receive the reflected light. The apparatus
includes a distance measuring unit configured to measure the
distance of the target object in accordance with the intensity
signals received by the specified light receiving elements.

[0005] According to a second exemplary aspect of the
present disclosure, there is provided a method of optically
measuring a distance of a target object. The method includes
causing each of plurality of light receiving elements, to
which return light from a measurement space is incident, to
output an intensity signal based on a corresponding intensity
of the return light, the return light including reflected light
reflected based on reflection of the measurement light by the
target object. The method includes outputting an intensity
signal based on a corresponding intensity of the return light,
and identifying a light receiving area in the light detection
region as a function of the intensity signals of the plurality
of respective light receiving elements. The light receiving
area is based on specified light receiving elements in the
plurality of light receiving elements, the specified light
receiving elements being arranged to receive the reflected
light. The method includes measuring the distance of the
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target object relative to the apparatus in accordance with the
intensity signals received by the specified light receiving
elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Other aspects of the present disclosure will become
apparent from the following description of embodiments
with reference to the accompanying drawings in which:
[0007] FIG. 1 is a block diagram schematically illustrating
an example of the overall configuration of an optical dis-
tance measuring apparatus according to the first embodiment
of the present disclosure;

[0008] FIG. 2 is a perspective view schematically illus-
trating an example of the configuration of an optical system
illustrated in FIG. 1,

[0009] FIG. 3 is a circuit diagram schematically illustrat-
ing an example of the structure of a light receiving element
of a light receiving array illustrated in FIG. 2;

[0010] FIG. 4 is a block diagram schematically illustrating
a SPAD calculator and a controller illustrated in FIG. 2;
[0011] FIG. 5 is a timing chart schematically illustrating
an example of how the first embodiment detects a peak
intensity;

[0012] FIG. 6 is a block diagram schematically illustrating
an example of the structure of a light receiving area identifier
illustrated in FIG. 4;

[0013] FIG. 7 is a flowchart schematically illustrating a
distance image forming routine for a distance measuring
task carried out by the optical distance measuring apparatus
illustrated in FIG. 1,

[0014] FIG. 8 is a flowchart schematically illustrating a
light-receiving area calibration subroutine illustrated in FIG.
[0015] FIG. 9A is a diagram schematically illustrating that
a horizontal selector selects a readout region, and readout of
pulse signals from the readout region is carried out at the
first time according to the first embodiment;

[0016] FIG. 9B is a diagram schematically illustrating that
the horizontal selector shifts the readout region by one
pixel-row in a vertical direction, and readout of the pulse
signals from the readout region is carried out at the second
time;

[0017] FIG. 9C is a diagram schematically illustrating that
the horizontal selector further shifts the readout region by
one pixel-row in the vertical direction, and readout of the
pulse signals from the readout region is carried out at the
third time;

[0018] FIG. 9D is a diagram schematically illustrating that
the horizontal selector selects the readout region at the lower
end of the light receiving array, and readout of the pulse
signals from the readout region is carried out at the N-th
time;

[0019] FIG. 10 is a diagram schematically illustrating a
cumulative sum image generated based on superimpositions
of N reflected-intensity images according to the first
embodiment;

[0020] FIG. 11 is a diagram schematically illustrating how
a light-receiving area identifier identifies a light receiving
area according to the first embodiment;

[0021] FIG. 12 is a perspective view schematically illus-
trating an example of the configuration of an optical system
of an optical distance measuring apparatus according to the
second embodiment of the present disclosure;
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[0022] FIG. 13 is a circuit diagram schematically illus-
trating an example of how to calculate the sum of pulse
signals output from a light receiving block illustrated in FIG.
12;

[0023] FIG. 14 is a timing chart schematically illustrating
an example of how the second embodiment detects a peak
intensity;

[0024] FIG. 15 is a schematic view illustrating different
regions, one of which has the larger number of ambient noise
pulses, the other of which has the smaller number of ambient
noise pulses;

[0025] FIG. 16A is a diagram schematically illustrating a
cumulative sum image with an upper portion whose identi-
fication accuracy deteriorates;

[0026] FIG. 16B is a diagram schematically illustrating
how to determine a light receiving area based on the lower
end of the cumulative sum image according to a modifica-
tion of each of the first and second embodiments; and
[0027] FIG. 16C is a diagram schematically illustrating a
determined light receiving area according to the modifica-
tion of each of the first and second embodiments.

DETAILED DESCRIPTION OF EMBODIMENT

Inventor’s Viewpoint

[0028] One of optical measurement technologies measures
time during which light, such as laser light, irradiated from
a light source is propagated to a target object and, after being
reflected by the target object, back to, for example, a light
receiving device. The measurement technology thus mea-
sures, based on the measured time, a distance of the target
object relative to the light receiving device.

[0029] Such a measurement technology often uses, as the
light receiving device, avalanche photodiodes (APD) or PIN
photodiodes arranged as a two-dimensional array; each of
these photodiodes has a high responsivity and a high detect-
ability to input light.

[0030] A photon of reflected light incident on an APD
causes the APD to generate pairs of a positive hole and an
electron, which will be referred to as hole-electron pairs. The
holes and electrons of the hole-electron pairs are accelerated
in a high electrical field to impact atoms to thereby knock
electrons from their atoms, resulting in additional electron-
hole pairs being created. This feature, which will be called
the avalanche phenomenon, makes it possible to amplify the
reflected light. Measurement apparatuses, which need to
measure a distance of a distinct target object generating
weak reflected light, often use such APDs, and amplify the
weak reflected light from the distinct target object.

[0031] An APD is designed to operate in a linear mode or
a Geiger mode. In the liner mode, an APD operates with a
reverse-bias voltage equal to or less than a predetermined
breakdown voltage, and, in the Geiger mode, operates with
a reverse-bias voltage exceeding the breakdown voltage. In
an APD operating in the liner mode, the number of hole-
electron pairs, which move out of the electrical field to
disappear is greater than the number of hole-electron pairs,
which are newly created, resulting in the avalanche phe-
nomenon of hole-electron pairs being naturally terminated.
This feature leads to the fact that an output current from an
APD is proportional to the quantity of input light thereto.
[0032] Otherwise, an APD operating in the Geiger mode
causes the avalanche phenomenon based on a single photon
incident on the APD, resulting in the APD having higher
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sensitivity of incident light. Such an APD operating in the
Geiger mode will also be called a single photon avalanche
diode (SPAD).

[0033] There is a conventional technology disclosing a
fast distance measuring apparatus, in other words, a fast
ranging apparatus, using such SPADs two-dimensionally
arranged as an array. The fast distance measuring apparatus
measures time of flight (TOF) during which light, such as
laser light, irradiated from a light source is propagated to a
target object and, after being reflected by the target object,
back to, for example, the SPAD array. Then, the distance
measurement measures, based on the measured TOF, a
distance of the target object relative to the SPAD array.
[0034] As described above, these optical distance measur-
ing technologies are each configured to receive, via an
optical system, reflected light from a target object by a light
detection region comprised of light receiving elements, such
as SPADs, two-dimensionally arranged as an array such that
the reflected light focuses on a predetermined area of the
light detection region as an image. The optical system,
which is for example comprised of optical elements, is in
proper alignment with the predetermined area of the light
detection region. Misalignment of the optical system with
the predetermined area of the light detection region however
may cause each optical distance measuring technology to
obtain an erroneous distance measurement of a target object.
Misalignment of the optical system may be due to various
factors including, for example, manufacturing variations,
distortions, positional deviations, and/or aged deteriorations
of the optical elements; the distortions and positional devia-
tions are caused by changes in temperature.

[0035] That is, misalignment of the optical system with
the predetermined area of the light detection region may
reduce the accuracy of measuring the distance of a target
object. Various distance measuring apparatuses, which use
the SPADs or other light receiving elements, such as high-
sensitivity charge-coupled devices (CCD) or photon sensors
with electron-bombarded multiplication, may result in this
issue.

Embodiment

[0036] From the above inventor’s viewpoint, the follow-
ing describes embodiments of the present disclosure with
reference to the accompanying drawings. In the embodi-
ments, like parts between the embodiments, to which like
reference characters are assigned, are omitted or simplified
to avoid redundant description.

First Embodiment

Schematic Configuration of Optical Distance
Measuring Apparatus of First Embodiment

[0037] The following describes an example of the con-
figuration of an optical distance measuring apparatus 20
according to the first embodiment with reference to FIGS. 1
and 2.

[0038] Referring to FIGS. 1 and 2, the optical distance
measuring apparatus 20, which will be referred to simply as
a measuring apparatus 20, includes an optical system 30, a
light receiving array 40, an SPAD calculator 100, and a
controller 80.

[0039] The optical system 30 is configured to transmit
laser light, such as a laser pulse, to each of distance-
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measurement target objects, which will be referred to as
target objects, and receive light reflected from each of the
target objects. The light receiving array 40 is comprised of
light receiving elements, i.e. avalanche photodiodes, 50
arranged as a two-dimensional array; the light receiving
elements 50 constitute a light detection region of the light
receiving array 40. The light receiving array 40 is configured
to receive, for each of the target objects, the reflected light
sent through the optical system 30 on the light detection
region thereof.

[0040] The SPAD calculator 100 is configured to calculate
the distance of each of the target objects relative to the
measuring apparatus 20 in accordance with distance infor-
mation about the corresponding target object output from the
light receiving array 40. The controller 80 controls the
components 30, 40, and 100 of the measuring apparatus 20.

[0041] The target objects whose distances are measured by
the measuring apparatus 20 include other vehicles, pedes-
trians, and obstacles if the measuring apparatus 20 is
installed in a vehicle. FIG. 1 illustrates, as an example of
these target objects, three target objects OBJ1, OBJ2, and
OBJ3, and FIG. 2 collectively illustrates these target objects
OBIJ1, OBIJ2, and OBJ3 as a target object OBJ.

[0042] The optical system 30 includes, as a light trans-
mission unit for transmitting measurement light to a prede-
termined measurement space, a laser device 35, a mirror 31,
a motor 34, and a lens 36. The laser device 35 outputs, from
its light output surface, laser light as measurement light
under control of the controller 80.

[0043] The mirror 31 has, for example, a substantially
rectangular plate-like shape, and has opposing first and
second major surfaces, the first major surface of which
serves as a light reflection surface capable of reflecting light.
The mirror 31 is arranged such that the light reflection
surface faces the light output surface of the laser device 35.

[0044] The motor 34 has a rotating shaft through which a
longitudinally center portion of the mirror 31 is penetrated.
The motor 34 is configured to rotate the rotating shaft to
thereby rotate the light reflection surface of the mirror 31
together with the rotating shaft.

[0045] In particular, the laser device 35 outputs the laser
light having a beam spread angle 0 (see FIG. 2) along the
direction of the rotating shaft of the motor 31, i.c. the
rotation axis of the mirror 31. The laser light output from the
laser device 35 is incident to the light reflection surface of
the mirror 31, so that the laser light is reflected by the light
reflection surface of the mirror 31. That is, rotating the
mirror 31 about the rotation axis thereof enables the light
reflection surface of the mirror 31 to reflect the incident laser
light, so that the reflected laser light, i.e. the echo, is
transmitted to a direction defined by a rotation angle of the
mirror 31. This means that the assembly of the mirror 31 and
the motor 34 scans the laser light having the laser spread
angle 0 output from the laser device 35 along a direction
perpendicular to the direction of the rotation axis of the
mirror 31. In FIG. 2, the laser light output from the laser
device 35 is assigned with a reference character SL.

[0046] Note that the direction of the rotation axis of the
mirror 31 will be for example referred to as a vertical
direction of the measuring apparatus 20, and the direction
perpendicular to the vertical direction of the measuring
apparatus 20 will be for example referred to as a horizontal
direction of the measuring apparatus 20.
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[0047] Because the light reflection surface of the mirror 31
is located to face the light output surface of the laser device
35, the assembly of the mirror 31 and the motor 34 is able
to scan, in principle, the laser light SI within the range of
180°. It is assumed that a reference plane is defined to pass
through the rotation axis of the mirror 31 while being
perpendicular to the light output surface of the laser device
35. When the light reflection surface of the mirror 31 is
located to be perpendicular to the reference plane, the
rotational angle of the motor 31 is defined at a reference
angle of 0°.

[0048] Actually, because the optical system 30 is installed
in an unillustrated case such that the laser light is output
through a predetermined laser output opening of the case,
the scannable angular range of the laser light SL output from
the mirror 31 is limited to be the range from 90° to 120°.

[0049] That is, the laser spread angle 6 and the scannable
angular range of the laser light SL output from the optical
system 30 constitute a substantially rectangular scannable
space defined by the above configuration of the optical
system 30.

[0050] The motor 31 incorporates therein a sensor for
detecting the timing when the rotational angle of the motor
31 reaches the reference angle; the timing when the rota-
tional angle of the motor 31 reaches the reference angle will
be referred to as a reference angle timing. The sensor sends,
to the controller 80, the reference angle timing of the motor
31. The controller 80 is therefore capable of detecting a
currently scanning region of the laser light SL in the
scannable space in accordance with the rotational speed of
the motor 31 and the reference angle timing of the motor 31.
The scannable space of the optical system 30 is defined as
a distance measurement space of the measuring apparatus
20.

[0051] The laser light SL. transmitted from the optical
system 30 to the distance measurement space of the mea-
suring apparatus 20 is reflected by a target object OBJ when
the target object OBJ is located in the distance measurement
space. Because the laser light SL is reflected diffusely by the
outer surface of the target object OBJ, a part of reflected
laser light returns back to the incident direction of the laser
light SL to the target object OBJ as reflected light RL.. The
reflected light RL returning back in the incident direction of
the laser light SL is propagated in the direction opposite to
the transmitting direction of the laser light SL so as to be
reflected by the mirror 31. The reflected light RL reflected by
the mirror 31 is incident to the lens 36, and the lens 36
causes the incident reflected light RL to focus on the light
detection region of the light receiving array 40. This results
in an image RS formed on the light detection region of the
light receiving array 40; the shape of the image RS is defined
based on the beam spread angle 0 of the laser light SL.. The
image RS based on the reflected light RL will also be
referred to as a reflected-light image RS hereinafter.

[0052] The location of the reflected-light image RS on the
light detection region of the light receiving array 40 is
determined depending on the alignment of the optical sys-
tem 30 with the light detection region of the light receiving
array 40. This therefore may result in the location of the
reflected-light image RS on the light detection region of the
light receiving array 40 varying within a predetermined
assembly accuracy of the optical system 30 and the light
receiving array 40. Misalignment of the optical system 30
due to distortions and/or positional deviations of at least one
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of the optical elements 31, 34, and 35 caused by changes in
temperature may also result in the location of the reflected-
light image RS on the light detection region of the light
receiving array 40 varying.

[0053] The measuring apparatus 20 set forth above is
configured such that the laser light SL output from the laser
device 35 is propagated to the target object OBJ, and after
being reflected by the target object OBJ, back to the optical
apparatus 20. That is, the measuring apparatus 20 set forth
above is configured such that the laser light SL. output from
the laser device 35 makes round-trip between the optical
apparatus 20 and the target object OBJ. Because the round-
trip time of the laser light SL is extremely short, when the
laser light SL output from the laser device 35 has returned
to the measuring apparatus 20, the rotational angle of the
mirror 31 is regarded to be unchanged. Thus, as illustrated
in FIG. 2, the laser light SL reflected by the mirror 31 is
propagated to be reflected by the target object OBJ as the
returning laser light RL, and the returning laser light RL
propagated back to the same mirror 31 is reflected by the
same mirror 31 so as to return to the lens 36. The optical
system 30 configured set forth above will be referred to as,
for example, a coaxial optical system.

[0054] As described above, the light receiving array 40 is
comprised of the light receiving elements 50 arranged as a
two-dimensional array; the light receiving elements 50 con-
stitute the light detection region of the light receiving array
40. A signal output from each light receiving element 50
constitutes a part of an image, so that the light receiving
elements 50 respectively serve as pixels that form an image
whose size is within the light detection region of the light
receiving array 40.

[0055] FIG. 3 is an equivalent circuit of each light receiv-
ing element 50.
[0056] Referring to FIG. 3, each light receiving element

50 is comprised of a quench resistor Rq, an avalanche
photodiode Da, an inverter INV, and an AND circuit SW.
The quench resistor Rq has opposing first and second ends,
and the first end of the quench resistor Rq is connected to a
power source Vcc, and the second end of the quench resistor
Rq is connected to the cathode of the avalanche photodiode
Da, and the anode of the avalanche photodiode Da is
connected to a common ground line. That is, the quench
resistor Rq and the avalanche photodiode Da are connected
in series to each other between the power source Vec and the
common signal ground. That is, the avalanche photodiode
Da serves as a corresponding part of the light detection
region of the light receiving array 40.

[0057] The AND circuit SW has first and second input
terminals and an output terminal. The connection point
between the quench resistor Rq and the avalanche photo-
diode Da is connected to an input terminal of the inverter
INV, and an output terminal of the inverter INV is connected
to the first input terminal of the AND circuit SW, and the
second input terminal of the AND circuit SW is connected
to the controller 80.

[0058] Light not being incident to each light receiving
element 50 enables the avalanche photodiode Da to be
maintained in a non-conductive state, so that the input
terminal of the inverter INV is pulled up by the quench
resistor Rq at a high level, i.e. a high voltage level, H. The
inverter INV inverts the level of the input terminal thereof,
so that the output of the inverter INV is maintained at a low
level, i.e. a zero level, L.
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[0059] External light incident to each light receiving ele-
ment 50 causes a photon, i.e. a light element or light particle,
of the incident external light to be incident to the avalanche
photodiode Da, so that the avalanche photodiode Da is
changed from the non-conductive state to a conductive state.
This results in a large current based on the intensity of the
incident light flowing through the quench resistor Rq. That
is, each light receiving element 50 is driven in the Geiger
mode.

[0060] This causes the input terminal of the inverter INV
to be pulled down at the low level L. The inverter INV
inverts the low level L of the input terminal thereof, so that
the output of the inverter INV is inverted to the high level
H that is based on the intensity, i.e. the luminous level, of the
incident light.

[0061] That is, the inverter INV is configured to output a
digital signal having one of the high level H and the low
level L.

[0062] Because the output terminal of the inverter INV is
connected to the first input terminal of the AND circuit SW,
the digital signal output from the inverter INV is output from
the AND circuit SW while being unchanged as long as a
high level selection signal SC is input from the controller 80
to the second input terminal of the AND circuit SW. That is,
the controller 80 controls the level of the selection signal SC
to the high level H, which enables the digital signal output
from the inverter INV to be output as an output signal Sout
from the light receiving element 50, and to the low level L,
which enables the output signal Sout from the light receiving
element 50 to be maintained at the low level L. independently
of the digital signal input to the AND circuit SW.

[0063] The selection signal SC to the AND circuit SW of
a light receiving element 50 being set to the high level H will
be referred to as the AND circuit SW being in a selected
state, and the selection signal SC to the AND circuit SW of
a light receiving element 50 being set to the low level L will
be referred to as the AND circuit SW being in a unselected
state.

[0064] That is, the controller 80 selectively outputs the
selection signal SC with the high level H to at least one of
the light receiving elements 50, thus reading out the digital
signal from the selected at least one of the light receiving
elements 50. The selection signal SC will also be referred to
as an address signal SC. Note that, if the avalanche photo-
diode Da is used in the linear mode, and the output of the
avalanche photodiode Da is used as an analog signal, an
analog switch can be used in place of the AND circuit SW.
[0065] After the large current has flowed through the
quench resistor Rq, a voltage applied to the avalanche
photodiode Da decreases, so that the avalanche diode Da
returns back from the conductive state to the non-conductive
state. This causes the input terminal of the inverter INV to
be pulled up at the high level H. The inverter INV inverts the
high level H of the input terminal thereof, so that the output
of the inverter INV returns back to the low level L.
[0066] That is, each light receiving element 50 is config-
ured such that the inverter INV outputs a pulse having the
high level H for a very short period of time in response to
a photon, i.e. light being incident to the corresponding light
receiving element 50, i.e. the avalanche photodiode Da.
From this viewpoint, the controller 80 outputs the selection
signal SC with the high level H to each of the light receiving
elements 50 in synchronization with the timing when the
corresponding light receiving element 50 receives light. This
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enables the digital signal of the AND circuit SW, i.e. the
output signal Sout, of each light receiving element 50 to
reflect on the conductive or non-conductive state of the
avalanche photodiode Da. In other words, each of the light
receiving elements 50 outputs a pulse signal Sout each time
a photon, i.e. light, is incident to the corresponding light
receiving element 50 for a very short period of time; the
level of the pulse signal Sout is based on the intensity of the
incident light received by the corresponding light receiving
element 50.

[0067] As schematically illustrated in FIG. 2, the light
detection region of the light receiving array 40 is comprised
of the light receiving elements 50, i.e. pixels, described
above arranged in the horizontal and vertical directions of
the measuring apparatus 20 as an array. The number of
pixels of the light receiving elements 50 arranged in the
horizontal direction will be referred to as H, and the number
of pixels of the light receiving elements 50 arranged in the
vertical direction will be referred to as V. That is, the light
receiving array 40 is comprised of (HxV) pixels of the light
receiving elements 50. The optical system 30 and the light
receiving array 40 are designed and arranged such that the
area constituted by the (HxV) pixels constituting the light
detection region is larger than the size of the reflected-light
image RS. This means that a degree of misalignment of the
optical system 30 is kept within a predetermined designed
margin, enabling the reflected-light image RS is within the
light detection region of the light receiving array 40. A large
degree of misalignment of the optical system 30 may result
in the reflected-light image RS extending off the light
detection region of the light receiving array 40.

[0068] As described above, each light receiving element
50 is configured to operate in the Geiger mode. This enables
each light receiving element 50 to detect a single photon as
reflected light when the single photon is only incident to the
corresponding light receiving element 50. As described
above, because the laser light SL is reflected diffusely by the
outer surface of the target object OBI, light returning back
to the mirror 31 of the optical system 30 is limited to a part
of reflected laser light based on the laser light SL.. For this
reason, even if the target object OBIJ is located in the
distance measurement space through which the laser light
SL is scanned, the light receiving array 40 cannot necessarily
detect reflected light using a laser pulse transmitted from the
laser device 35 as the laser light SL. This means that each
light receiving element 50 stochastically detects the reflected
light RL.

[0069] That is, the SPAD calculator 100 of the first
embodiment is configured to perform a statistical task based
on the output signals Sout output from the light receiving
elements 50, each of which is able to only detect stochas-
tically the reflected light RL, thus detecting the reflected
light RL.

[0070] As described above, the light receiving array 40 is
comprised of (HxV) pixels of the light receiving elements
50 arranged in the respective horizontal and vertical direc-
tions, and the reflected-light image RS based on the reflected
light RL is formed on the (HxV) pixels of the light receiving
elements 50. The reflected-light image RS is based on
reflected light obtained from a region scanned by the laser
light SL.. Because the mirror 31 is rotating about the rotation
axis corresponding to the vertical direction, the reflected
light RL continuously returns from a first end of the target
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object OBJ located in the scannable space in the horizontal
direction to a second end of the target object OBI.

[0071] In particular, a first time for which reflected light
from a first scanned position of the target object OBJ has
reached the light receiving array 40 is earlier than second
time for which reflected light from a second scanned posi-
tion of the target object OBIJ has reached the light receiving
array 40 as long as the first scanned position is closer than
the second scanned position.

[0072] From this viewpoint, the first embodiment is con-
figured to measure a distance of the target object OBJ based
on variations of time for which the light receiving elements
50 each have detected a photon of reflected light from the
target object OBI.

[0073] The light receiving array 40 is comprised of a
horizontal selector 51 and a vertical selector 52, and the
controller 80 includes a CPU 81, a light receiving area
selector 82, a storage device 83, a peripheral circuit 84, and
a light receiving are detector 90. The storage device 83
includes, for example, a RAM, a ROM, and/or a semicon-
ductor memory such as a flash memory. The CPU 81 is
programmed to perform instructions of programs stored in
the storage device 83, thus performing predetermined soft-
ware tasks and the following routines described later. The
peripheral circuit 84 includes, for example, a real-time
clock.

[0074] The horizontal selector 51 is capable of selecting at
least one of the H pixels in the (HxV) pixels of the light
detection region, and the vertical selector 52 is capable of
selecting at least one of the V pixels in the (HxV) pixels of
the light detection region.

[0075] The light detection region selector 82 is controlla-
bly connected to each of the horizontal and vertical selectors
51 and 52. That is, the light detection region selector 82 is
configured to cause the horizontal and vertical selectors 51
and 52 to freely select a limited area within the (HxV) pixels
of' the light detection region, and to read out the pulse signals
Sout of respective limited light receiving elements 50 cor-
responding to the limited area.

[0076] Specifically, the horizontal and vertical selectors 51
and 52 are configured to output the selection signal SC with
the high level H to the AND circuit SW of any one of the
light receiving elements 50 when both the horizontal and
vertical selectors 51 and 52 select the corresponding one of
the light receiving elements 50.

[0077] That is, the horizontal and vertical selectors 51 and
52 are configured to

[0078] (1) Set each of light receiving elements 50 within
a specified readout area, which is narrower than the light
detection region, to be in the selected state

[0079] (2) Set each of light receiving elements 50 outside
the specified readout area to be in the unselected state
[0080] This setting enables an image on the specified
readout area to be selectively read out.

[0081] That is, reflected light to be detected by the light
receiving array 40 is not incident to the light detection region
defined by all the (HxV) pixels of the light receiving
elements 50, but is incident to a specified area within the
light detection region; the specified area is defined based on
the configuration and settings of the optical system 30. This
specified area will be referred to as an active region com-
prised of (PxQ) pixels of the light receiving elements 50; P
represents the number of pixels of the active region, which
is smaller than the H pixels, in the horizontal direction, and
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Q represents the number of pixels of the active region, which
is smaller than the V pixels, in the vertical direction (see
FIG. 4).

[0082] The output signals Sout from the respective light
receiving elements 50 are sent to the SPAD calculator 100.
[0083] Referring to FIG. 4, the SPAD calculator 100 is
comprised of a pulse detector 102, an N-time adder or
accumulator 104, a histogram memory 106, and a peak
detector 108.

[0084] The pulse detector 102 receives the pulse signals
Sout output from the respective (HxV) pixels of the light
receiving elements 50.

[0085] The N-time adder 104 adds the high levels of
respective N-time pulses received by each of the (HxV)
pixels of the light receiving elements 50 (N is an integer
equal to or more than 2).

[0086] The histogram memory 106 stores the added result
for each of the (HxV) pixels as a histogram in the histogram
memory 106

[0087] The peak detector 108 detects, based on the histo-
gram stored in the histogram memory 106 for each of the
(HxV) pixels, a peak intensity, i.e. a largest value, of the
added results for the corresponding one of the (HxV) pixels.
[0088] FIG. 5 schematically illustrates an example of how
the components 102, 104, 106, and 108 of the SPAD
calculator 100 operates.

[0089] The laser device 35 emits a laser pulse, so that the
laser pulse is propagated to the target object OBJ via the
optical system 30, so that a reflected light pulse based on
reflection of the lase pulse by a specified portion of the target
object OBJ is incident to, for example, the light receiving
elements 50.

[0090] At least one of the light receiving elements 50,
which will be referred to as a target light receiving element,
detects a reflected light pulse as the reflected light at a
specific point of time ST (see black circle) in FIG. 5 during
a predetermined measurement period t that is needed for a
reflected light pulse to have returned from the farthest point
of the target object OBIJ to the measuring apparatus 20.
[0091] That is, during the measurement period t, the target
light receiving element 50 also detects ambient-light noise
pulses in addition to the reflected light pulse. Because the
target light receiving element 50 is configured to output the
pulse signal Sout each time a photon of at least one of the
reflected light pulse and the ambient-light noise pulse is
incident thereto, the pulse detector 102 detects the pulse
signals Sout for the target light receiving element 50.
[0092] The sequential measurement operation from emis-
sion of the laser pulse from the laser device 35 to detection
of the light pulses by the target light receiving element 50 is
repeated N times (see K1, K2, K3, . . ., KN in FIG. 5), so
that the pulse signals Sout detected by the target light
receiving element 50 for each of the N-time sequential
measurement operations are input to the N-time adder 104.
[0093] The N-time adder 104 statistically superimposes
the detected pulse signals Sout by all the N-time sequential
measurement operations with each other to thereby obtain a
histogram of the detected pulse signals Sout by all the
N-time sequential measurement operations.

[0094] That is, the N-time adder 104 calculates, for the
target light receiving element 50, the sum of

[0095] (1) The intensities of the light pulse signals Sout
obtained by the first sequential measurement operation K1
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[0096] (2) The intensities of the light pulse signals Sout
obtained by the second sequential measurement operation
K2,...,and

[0097] (3) The intensities of the light pulse signals Sout
obtained by the N-th sequential measurement operation KN
[0098] This obtains an integrated histogram HN (see FIG.
5). Then, the N-time adder 104 stores the integrated histo-
gram HN in the histogram memory 106.

[0099] Specifically, for each of the N-time sequential
measurement operations, the reflected light pulse based on
reflection of the lase pulse by the same specified portion of
the target object OBJ is detected at the same point of time
during the measurement period t. In contrast, the ambient-
light noise pulses are randomly generated during the N-time
sequential measurement operations.

[0100] This therefore results in, in the integrated histo-
gram HN, the sum of the intensities of the reflected light
pulses obtained by the respective N-time sequential mea-
surement operations showing the highest peak intensity as
compared with the other intensities of the ambient-light
noise pulses (see FIG. 5). This therefore enables the direc-
tion in which the reflected light pulses showing the highest
peak intensity are returned to be determined as a peak
direction.

[0101] The above feature for the target light receiving
element 50 can also be obtained for each of the other light
receiving elements 50 in addition to the target light receiving
element 50.

[0102] Thus, the peak detector 108 is configured to read
out the integrated histogram for each of the (HxV) pixels of
the light receiving elements 50 stored in the histogram
memory 106, and detect, for each of the (HxV) pixels of the
light receiving elements 50, the peak intensity. In addition,
the peak detector 108 calculates, based on the specific point
ST of time of the peak intensity, time of flight, i.e. round-trip
time, during which the laser pulse transmitted from the laser
device 35 is propagated to the target object OBJ and, after
being reflected by the target object OB, back to each of the
light receiving elements 50 in the peak direction.

[0103] In particular, the peak detector 108 is configured to
measure, based on the time of flight for each of the (PxQ)
pixels of the light receiving elements 50, a distance of a
corresponding portion of the target object OBI relative to the
corresponding one of the (PxQ) pixels of the light receiving
elements 50.

[0104] This therefore results in the signal levels of the
respective (PxQ) pixels of the light receiving elements 50
constituting a distance image of the target object OBJ.
[0105] Then, the peak detector 108 is configured to output,
for each of the (PxQ) pixels of the light receiving elements
50, a distance signal DCS indicative of the measured dis-
tance of the corresponding portion of the target object OBJ
relative to the corresponding one of the (PxQ) pixels of the
light receiving elements 50.

[0106] As described above, the SPAD calculator 100
serves as a measurement unit that measures a distance of a
target object for each of the (PxQ) pixels of the light
receiving elements 50 based on the pulse signals Sout output
from the corresponding one of the (PxQ) pixels of the light
receiving elements 50.

[0107] Additionally, the peak detector 108 is configured to
output, for each of the (HxV) pixels of the light receiving
elements 50, a light-receiving area specifying signal indica-
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tive of the peak intensity of the corresponding pixel in
addiction to the distance signals DCS.

[0108] That is, each of the distance signals DCS represents
a detection signal of each of the respective (PxQ) pixels of
the light receiving elements 50, which constitute the active
region, and represents the measured distance of the corre-
sponding portion of the target object OBJ relative to the
corresponding one of the (PxQ) pixels of the light receiving
elements 50.

[0109] In contrast, the light-receiving area specifying sig-
nal represents a detection signal of each of the (HxV) pixels
of the light receiving elements 50, and represents the peak
intensity of the corresponding pixel. The light-receiving area
specifying signals output from the peak detectors 108 of the
respective (HxV) pixels of the light receiving elements 50
are output to the light-receiving area detector 90 of the
controller 80.

[0110] The light-receiving area detector 90 is configured
to identify, based on the light-receiving area specifying
signals, the (PxQ) pixels of the light receiving elements 50
as the active region, i.e. the light receiving area. How the
light-receiving area detector 90 identifies the active region
comprised of the (PxQ) pixels of the light receiving ele-
ments 50 as the light receiving area will be described later.
[0111] That is, the peak detector 108 is configured to
[0112] (1) Specify the active area comprised of the (PxQ)
pixels of the light receiving elements 50 based on informa-
tion indicative of the detected active area comprised of the
(PxQ) pixels of the light receiving elements 50

[0113] (2) Measure, based on the time of flight for each of
the (PxQ) pixels of the light receiving elements 50, the
distance of the corresponding portion of the target object
OBJ relative to the corresponding one of the (PxQ) pixels of
the light receiving elements 50

[0114] The measuring apparatus 20 includes an ambient
light sensor 55 for measuring the intensity of ambient light
incident to the light receiving array 40 via the optical system
35, and outputting a measurement signal indicative of the
intensity of the ambient light to the controller 80. This
enables the controller 80 to obtain the intensity of the
ambient light incident to each of the light receiving elements
50 of the light receiving array 40.

[0115] Next, the following describes an example of the
structure of the light-receiving area detector 90 with refer-
ence to FIG. 6.

[0116] Referring to FIG. 6, the light-receiving area detec-
tor 90 includes a reflected-light intensity image generator
92, a sum image generator 94, and a light-receiving area
identifier 96.

[0117] The reflected-light intensity image generator 92
generates, based on the light-receiving area specifying sig-
nal for each of the (HxV) pixels of the light receiving
elements 50 sent from the peak detector 108, a reflected-
intensity image LG; each pixel of the reflected-intensity
image LG corresponds to the peak intensity of the corre-
sponding pixel of the (HxV) pixels of the light receiving
elements 50.

[0118] As described above, the PAD calculator 100 carries
out the N-time sequential measurement operations 100 to
thereby cause the reflected-light intensity image generator
92 to generate the reflected-intensity image L.G. The SPAD
calculator 100 and the intensity image generator 92 accord-
ing to the first embodiment sequentially generate the
reflected-intensity images L.G.

Aug. 29,2019

[0119] The sum image generator 94 is configured to add
the sequentially generated reflected-intensity images LG to
each other, thus generating a cumulative sum image SG. For
example, the sum image generator 94 is comprised of a
frame memory FM, which can store an image based on the
(HxV) pixels of the light receiving elements 50, and the
reflected-light intensity image generator 92 sequentially
stores the reflected-intensity images LG in the frame
memory FM plural times M, thus generating the cumulative
sum image SG. The number of times M the reflected-
intensity images .G are added will be referred to as the
addition number of times M.

[0120] The light-receiving area identifier 96 detects, from
the cumulative sum image SG, a high-cumulative region AG
to thereby identify the detected high-cumulative region AG
as the light receiving area.

[0121] Specifically, because the intensities of the pixels
corresponding to the high-cumulative region AG are higher
than those of the other pixels that do not correspond to the
high-cumulative region AG, the light-receiving area identi-
fier 96 analyzes the cumulative sum image SG to thereby
determine the shape of the reflected-light image RS formed
on the light detection region of the light receiving array 40.
[0122] Because the reflected-light image RS usually has a
quadrate shape, the light-receiving area identifier 96
approximates the shape of the cumulative sum image SG by
a minimum quadrate-shaped area that can enclose the cumu-
lative sum image SG, thus identifying the minimum quad-
rate-shaped area as the light receiving area.

[0123] Alternatively, the light-receiving area identifier 96
can approximate the shape of the cumulative sum image SG
by a minimum quadrate-shaped area such that the minimum
quadrate area is circumscribed by the outline of the cumu-
lative sum image SG.

[0124] The light-receiving area identifier 96 can approxi-
mate the shape of the cumulative sum image SG by a
minimum rectangular-shaped area as an example of a mini-
mum quadrate-shaped area, a minimum rectangular area.
[0125] That is, the light-receiving area identifier 96 pref-
erably determines the shape of the light receiving area in
accordance with the shape of the reflected-light image RS.
For example, if the reflected-light image RS has a substan-
tially elliptical shape, the light-receiving area identifier 96
can determine the shape of the light receiving area having a
substantially elliptical shape.

Distance Image Forming Routine

[0126] The following describes a distance image forming
routine for a distance measuring task carried out by the
measuring apparatus 20 with reference to FIG. 7. Note that
the distance measuring task is configured to

[0127] (1) Transmit the laser light SL. to the distance
measurement space

[0128] (2) Receive, by the light receiving array 40,
reflected light RL based on reflection of a target object OBJ
to thereby obtain a reflected-light image RL on the light
receiving area, i.e. the (PxQ) pixels of the light receiving
elements 50 o the light receiving array 40

[0129] (3) Measure, based on time of flight for each of the
(PxQ) pixels of the light receiving elements 50, a distance
of a corresponding portion of the target object OBIJ relative
to the corresponding one of the (PxQ) pixels of the light
receiving elements 50 When the measuring apparatus 20 is
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started, the measuring apparatus 20 repeatedly executes the
distance image forming routine after completing a predeter-
mined initializing process.

[0130] When starting the distance image forming routine,
the controller 80, i.e. its CPU 81, of the measuring apparatus
20 determines whether it is time to calibrate the light
receiving area of the measuring apparatus 20 in step S100.
Calibration of the light receiving area, which is used to
measure a distance of the target object OBIJ, of the measur-
ing apparatus 20 means detection of misalignment of the
image RS formed on the light receiving array 40 due to
misalignment of the optical system 30, and correction of the
light receiving area.

[0131] The controller 80 of the measuring apparatus 20 is
programmed to determine that it is time to calibrate the light
receiving area for example at any one of the following
timings:

[0132] (1) The first timing when the measuring apparatus
20 is started

[0133] (2) The second timing that cyclically occurs while
the measuring apparatus 20 is performing the distance
measuring task.

[0134] (3) The third timing when the measuring apparatus
20 is terminated

[0135] (4) The fourth timing being any timing while the
measuring apparatus 20 is not executing the distance mea-
surement task, for example, when the vehicle is stopped
[0136] (5) The fifth timing indicative of each time the
measuring apparatus 20 starts the distance measurement task
[0137] (6) The sixth timing indicative of a temporarily
allowable timing, such as cycle stealing timing, during
execution of the distance measurement task

[0138] (7) The seventh timing when calibration of the light
receiving area is instructed by a user

[0139] (8) The eighth timing when the controller 80 deter-
mines that a target object OBJ is located within a predeter-
mined distance range from the measuring apparatus 20
[0140] (9) The ninth timing when an external calibration
instruction is input to the measuring apparatus 20 at factory
adjustment or periodic inspection of the measuring appara-
tus 20

[0141] As an example of the seventh timing, if the mea-
suring apparatus 20 is installed in a vehicle, and an on-off
calibration switch, which is connected to the controller 80,
is provided to, for example, an instrumental panel close to
the driver’s seat, the seventh timing is timing when the
driver turns on the on-off calibration switch.

[0142] Upon determining that it is time to calibrate the
light receiving area of the measuring apparatus 20 (YES in
step S100), the controller 80 performs a light-receiving area
calibration subroutine in step S200. After completing the
light-receiving area calibration subroutine, the controller 80
performs a distance image forming subroutine in step S300.
[0143] Otherwise, upon determining that it is not time to
calibrate the light receiving area of the measuring apparatus
20 (NO in step S100), the controller 80 controls the optical
system 30, the light receiving array 40, and the SPAD
calculator 100 to thereby perform the distance image form-
ing subroutine in step S300 while skipping the light-receiv-
ing area calibration subroutine in step S200.

[0144] The light-receiving area calibration subroutine will
be described later with reference to FIG. 8.

[0145] The distance image forming subroutine in step
S300 is configured to form the distance image using the
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calibrated light receiving area, and output the distance image
as the distance signals DCS. That is, the distance image has
a size matching with a scanned region of the mirror 31, and
includes pixels of the calibrated light receiving area; each of
the pixels of the distance image is a parameter indicative of
the distance of a corresponding portion of a target object
OBJ located in the scanned region relative to the measuring
apparatus 20.

[0146] As described above, the distance defined by each
pixel of the distance image is defined as time of flight, i.e.
round-trip time, during which the laser pulse transmitted
from the laser device 35 is propagated to the target object
OBJ and an extracted light pulse based on the laser pulse
returns back to the corresponding pixel from a determined
peak direction corresponding to a predetermined value of the
rotation angle of the mirror 31.

[0147] Specifically, the N-time sequential measurement
operations each including emission of the laser pulse from
the laser device 35 in a predetermined direction and detec-
tion of returning light pulses by the target light receiving
element 50 are carried out. Then, the returning light pulses
obtained by all the N-time sequential measurement opera-
tions are superimposed with each other to thereby detect the
highest peak for each pixel of the calibrated light receiving
area. This therefore enables, for each pixel of the calibrated
right receiving area, the direction in which the reflected light
pulses showing the highest peak intensity returning to the
corresponding pixel to be determined as the peak direction
(see FIG. 5).

[0148] That is, the distance image comprises the pixels
each having the corresponding peak intensity, i.e. peak level.
The distance signals DCS representing the respective peak
intensities of all the pixels of the distance image are output
from the peak detector 108 to an external device 200 (see
FIG. 2).

[0149] For example, a cruise-assist device can be used as
the external device 200 if the measuring apparatus 20 is
installed in a vehicle. The cruise-assist device 200 recog-
nizes the existence of the target object OBJ in accordance
with the distance image, i.e. the detection signals DCS, and
controls, for example, an information providing unit, a brake
system, and/or a steering system installed in the vehicle, to
thereby avoid collision between the recognized target object
OBJ and the vehicle and/or mitigate damage due to collision
therebetween. The external device 200 can be capable of
displaying the distance image on a display. If the measuring
apparatus 20 is installed in a vehicle, the external device 200
is capable of superimposing the distance image on an image
around the vehicle captured by a camera installed in the
vehicle. This enables pedestrians in the superimposed image
to be marked.

[0150] As another example, a server can be used as the
external device 200. That is, the distance signals DCS
representing the respective peak intensities of all the pixels
of the distance image are output from the peak detector 108
to the server 200 via radio waves. The server is capable of
collecting the distance images from the measuring appara-
tuses 20 installed in vehicles travelling within a predeter-
mined region, and using the collected distance images as big
data representing the conditions of roads, which include
traffic jams in roads included in the predetermined region.
[0151] If the measuring apparatus 20 is mounted to a
predetermined portion, which enables the measuring appa-
ratus 20 to measure a distance of a road surface, on which
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the vehicle is travelling, from the apparatus 20, of a vehicle,
the measuring apparatus 20 is capable of periodically mea-
suring the distance of the road surface, and of recognizing
the three-dimensional shape of the road surface.

[0152] After completing the distance image forming sub-
routine in step S300, the controller 80 determines whether
the controller 80 has carried out the distance image forming
subroutine immediately after the light-receiving area cali-
bration subroutine in step S200 in step S110. Upon deter-
mining that the controller 80 has carried out the distance
image forming subroutine immediately after the light-re-
ceiving area calibration subroutine in step S200 (YES in step
S110), the controller 80 performs a received-light sensitivity
checking subroutine in step S400.

[0153] The received-light sensitivity checking subroutine
is programmed to check whether the total received-light
sensitivity of the light receiving array 40 after calibration of
the light receiving area is higher, so that formation of the
distance image can be carried out under more favorable
conditions. In other words, the received-light sensitivity
checking subroutine is programmed to check whether the
total received-light sensitivity of the light receiving array 40
after calibration of the light receiving area is kept
unchanged.

[0154] That is, the received-light sensitivity checking sub-
routine is programmed to actually generate a new distance
image using the calibrated light receiving area, and deter-
mine whether the total received-light sensitivity of the light
receiving array 40 after calibration of the light receiving area
is equal to or higher, so that formation of the distance image
can be carried out under more favorable conditions in step
S400.

[0155] Upon determining that the total received-light sen-
sitivity of the light receiving array 40 after calibration of the
light receiving area is lower, so that formation of the
distance image has been carried out under less favorable
conditions, the controller 80 returns the calibrated light
receiving area to the original pre-calibrated light receiving
area, and terminates the received-light sensitivity checking
subroutine.

[0156] Otherwise, upon determining that the total
received-light sensitivity of the light receiving array 40 after
calibration of the light receiving area is higher, so that
formation of the distance image has been carried out under
more favorable conditions), the controller 80 terminates the
received-light sensitivity checking subroutine, and therefore
terminates the distance image forming routine.

[0157] Otherwise, upon determining that the controller 80
has carried out the distance image forming subroutine not
immediately after the light-receiving area calibration sub-
routine in step S200 (NO in step S110), the controller 80
terminates the received-light sensitivity checking subroutine
while skipping the received-light sensitivity checking sub-
routine in step S400, and therefore terminates the distance
image forming routine.

Light-Receiving Area Calibration Subroutine

[0158] The following describes the light-receiving area
calibration subroutine with reference to FIG. 8.

[0159] When starting the light-receiving area calibration
subroutine in step S200, the controller 80, i.e. its CPU 81,
performs the initializing process in step S205. The initial-
izing process includes a task of storing data indicative of the
immediately previous light receiving area in the storage
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device 83, a task of clearing the frame memory FM of the
sum image generator 94, and a task of causing the SPAD
calculator 100 to reset data stored in the histogram memory
106.

[0160] Next, the CPU 81 obtains, based on the measure-
ment signal output from the ambient light sensor 55, the
intensity of the ambient light in step S210. Then, the CPU
81 accesses the reflected-light intensity image generator 92
of'the light-receiving area detector 90 to thereby read out the
reflected-intensity image LG in step S215.

[0161] Following the operation in step S215, the CPU 81
compares, for example, the maximum value or the average
value of the intensities of all the pixels of the reflected-
intensity image LG with the intensity of the ambient light in
step S220. Then, the CPU 81 determines the addition
number of times M the reflected-intensity images .G have
been added in accordance with the compared results in step
S220.

[0162] For example, if the intensity of the ambient light is
greater than the maximum value or the average value of the
intensities of all the pixels of the reflected-intensity image
LG, the CPU 81 sets the additional number of times of M to
be larger, because the ambient-light noise pulses received by
the light receiving array 40 for each of the N-time sequential
measurement operations becomes larger.

[0163] Otherwise, if the intensity of the ambient light is
equal to or smaller than the maximum value or the average
value of the intensities of all the pixels of the reflected-
intensity image LG, the CPU 81 maintains the additional
number of times of M unchanged or sets the additional
number of times of M to be smaller.

[0164] The CPU 81 outputs the additional number of times
M to the reflected-light intensity image generator 92 or the
sum image generator 94, and causes the reflected-light
intensity image generator 92 or the sum image generator 94
to add the sequentially generated reflected-intensity images
LG in the frame memory FM the additional number of times
M in step S225. This results in the cumulative sum image SG
being formed in the frame memory FM in step S225.
[0165] That is, the operation in step S225 superimposes
the reflected-intensity images LG, each pixel of which
includes the corresponding peak intensity, sequentially gen-
erated by the peak detector 108 with each other. Note that,
when the operation in step S225 can superimpose a
reflected-intensity image LG currently sent from the peak
detector 108 with the previously superimposed reflected-
intensity images LG in the frame memory FM, the operation
in step S225 can remove the ambient intensity from the
intensity of each of the pixels of the reflected-intensity
image LG currently sent from the peak detector 108.
[0166] Following the operation in step S225, the CPU 81
removes noise from the cumulative sum image SG in step
S235. As illustrated in FIG. 5, the peak detector 108 gen-
erates the reflected-intensity image .G while removing,
from each pixel of the reflected-intensity image LG, noise
pulses respectively detected at the different timings. If
however noise pulses are detected at a same timing due to,
for example, particles in the air around the light receiving
array 40, one or more noise-based peaks may remain in the
cumulative sum image SG that has been generated based on
the M-time additions of the reflected-intensity images L.G.
[0167] For addressing the remaining noise pulses, the
CPU 81 determines a threshold for eliminating the levels of
the noise-based peaks from the cumulative sum image SG in



US 2019/0265333 Al

the frame memory FM in step S230. That is, the threshold
is set to be higher than the levels of the noise-based peaks
and lower than the levels of the reflected-pulse based pixels.
[0168] Then, the CPU 81 binarizes the peak intensity of
each of the pixels of the cumulative sum image SG in the
frame memory FM such that one or more peak intensities of
corresponding pixels higher than the threshold has a first
digital value of, for example, 1 corresponding to black, and
the other peak intensities of corresponding pixels equal to or
lower than the threshold has a second digital value of, for
example, O corresponding to white in step S240.

[0169] Following the operation in step S240, the CPU 81
separates, from the frame memory FM, a minimum rectan-
gular-shaped area that encloses the cumulative sum image
SG in accordance with information indicative of the light
receiving area formed by the optical system 30 on the light
receiving array 40 has a substantially rectangular shape (see
FIG. 6) in step S250. The separated area will be referred to
the high-cumulative region AG.

[0170] As described above, an image formed by the opti-
cal system 30 is designed to be normally within the light
detection region comprised of the (HxV) pixels of the light
receiving array 40. Then, the CPU 81 determines whether
the light detection region comprised of the (HxV) pixels of
the light receiving array 40 has other pixels except for the
high-cumulative region AG in step S260.

[0171] Upon determining that the light detection region
comprised of the (HxV) pixels of the light receiving array 40
has no other pixels except for the high-cumulative region
AQG, i.e. the high-cumulative region AG extends to the light
detection region comprised of the (HxV) pixel of the light
receiving array 40 ((NO in step S260), the CPU 81 deter-
mines that there is a problem in detection of the reflected-
intensity images LG due to any cause. Then, the CPU 81
terminates the light-receiving area calibration subroutine
without performing calibration of the light receiving area.
Possible causes for such a problem for example include

[0172] (1) A situation where misalignment of the lens 36
results in the image RS blurring so that the reflected light
pulse is incident to the whole area of the light receiving array
40

[0173] (2) A situation where light, such as sunlight,
reflected by the bodies of one or more other vehicles is
directly incident to the light detection region of the light
receiving array 40

[0174] Otherwise, upon determining that the high-cumu-
lative region AG is limited to a part of the light detection
region of the light receiving array 40 so that the light
detection region has other pixels except for the high-cumu-
lative region AG (YES in step S260), the CPU 81 performs
a light-receiving area calibration task in step S270, and
thereafter terminates the light-receiving area calibration
subroutine.

[0175] Note that calibration of the light receiving area
means to identify, on the light receiving array 40, a region
on which an image by the optical system 30 is formed as a
calibrated light receiving area, i.e. a calibrated active region.
In other words, calibration of the light receiving area means
to update an immediately previous light receiving area to a
new light receiving area as a calibrated light receiving area.
[0176] In particular, calibration of the light receiving area
according to the first embodiment is configured to perform
at least one of the following first and second methods:
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[0177] (1) The first method causes the horizontal selector
51 and the vertical selector 52 to set the AND circuits SW
of light receiving elements 50 constituting the identified
light receiving area to be in the selected state while setting
the other AND circuits SW of light receiving elements 50
except for the identified light receiving area to be in the
non-selected state

[0178] (2) The second method limits a pixel processing
range of at least one of the pulse detector 102, the N-time
adder 104, the histogram memory 106, and the peak detector
108 from the (HxV) pixels of the light receiving elements 50
to smaller pixels constituting the identified light receiving
area

[0179] The first method enables the readout range of the
pulse signals Sout from the light receiving array 40 to be
limited, resulting in shorter readout time of the pulse signals
Sout from the light receiving array 40.

[0180] The second method enables the processing amount
or load of at least one of the pulse detector 102, the N-time
adder 104, the histogram memory 106, and the peak detector
108, such as the superimposing process by the N-time adder
104, to be lowered, resulting in shorter readout time of the
pulse signals Sout from the light receiving array 40.
[0181] As described above, the optical system 30 is
designed as the coaxial optical system, so that an image
formed by reflected light generated based on reflection of
laser light is substantially located to a predetermined loca-
tion on the light receiving array 40. Using this feature
enables the cumulative sum image SG to be easily generated
from the reflected-intensity images LG.

[0182] The following describes how the cumulative sum
image SG is generated based on the reflected-intensity
images L.G with reference to FIGS. 9A to 11. FIG. 9A shows
an area in which reflected light is received using cross
hatching.

[0183] As described above, the controller 80 control the
horizontal selector 51 and/or the vertical selector 52 to
thereby easily change a readout region of the pulse signals
Sout from the light receiving array 40.

[0184] Based on this feature, the controller 80 controls the
horizontal selector 51 to shift a readout region RR, com-
prised of, for example, three horizontal pixel-rows, in the
vertical direction each time the sequential measurement
operation from emission of the laser pulse from the laser
device 35 to detection of the light pulses by the target light
receiving element 50 is carried out from the first time to the
N-th time (see FIGS. 9A to 9D). This enables the reflected-
light intensity image generator 92 to generate the N
reflected-intensity images L.G.

[0185] FIG. 9A is a diagram schematically illustrating that
a horizontal selector 51 selects the readout region RR
comprised of three horizontal pixel-rows at the upper end of
the light receiving array 40, and readout of the pulse signals
Sout from the readout region RR is carried out at the first
time, and FIG. 9B illustrates that the horizontal selector 51
shifts the readout region RR by one pixel-row in the vertical
direction toward the lower end, and readout of the pulse
signals Sout from the readout region RR is carried out at the
second time.

[0186] FIG. 9C illustrates that the horizontal selector 51
further shifts the readout region RR by one pixel-row in the
vertical direction toward the lower, and readout of the pulse
signals Sout from the readout region RR is carried out at the
third time.
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[0187] Thereafter, the horizontal selector 51 sequentially
shifts the readout region RR by one pixel-row in the vertical
direction toward the lower end each time the sequential
measurement operation is carried out from the fourth time to
the N-th time.

[0188] That is, FIG. 9D illustrates that the horizontal
selector 51 selects the readout region RR at the lower end of
the light receiving array 40, and readout of the pulse signals
Sout from the readout region RR is carried out at the N-th
time.

[0189] These sequential readout operations enable, from
pixels included in the light receiving area comprised of three
horizontal pixel-rows, peak intensities to be read out, result-
ing in the reflected-intensity image LG included in the
readout region RR being read out.

[0190] This readout operation from the readout region RR
N times while shifting the readout region RR comprised of
three horizontal pixel-rows by one pixel-row enables, within
the light receiving area, a histogram including three peaks to
be obtained for each readout operation. In addition, this
readout operation from the readout region RR N times while
shifting the readout region RR comprised of horizontal three
pixel-rows by one pixel-row enables, outside the light
receiving area, a histogram including zero peaks to be
obtained for each readout operation. At each pixel of the
edge of the light receiving area, a peak intensity level may
be detected or not for each of the sequential readout opera-
tions. The ratio of a peak detected at each pixel of the edge
of the light receiving area to a peak intensity level unde-
tected at the corresponding pixel of the edge portions of the
light receiving area may be statistically determined. As
illustrated in FIG. 10, the cumulative sum image SG gen-
erated based on superimpositions of the N reflected-intensity
images LG by the sum image generator 94 is configured
such that each pixel of the edge of the cumulative sum image
SG has a peak intensity smaller than a peak intensity of each
pixel of the inner region of the cumulative sum image SG
surrounded by the edge thereof.

[0191] For this reason, as illustrated in FIG. 11, the
light-receiving area identifier 96 identifies the inner region,
which has higher peak intensities, of the cumulative sum
image SG surrounded by the edge as the light receiving area,
i.e. the active region.

[0192] Note that the controller 80 causes the horizontal
selector 51 to use the readout region RR comprised of three
horizontal pixel-rows, but can cause the horizontal selector
51 to use the readout region RR comprised of four or more
horizontal pixel-rows, for example, horizontal ten pixel-
rows. In addition, the horizontal selector 51 can shift the
readout region RR by two or more pixel-rows in the vertical
direction as long as the shifted number of pixel-rows in the
vertical direction is smaller than the readout number of
pixels of each horizontal pixel-row.

[0193] As described above, the measuring apparatus 20 is
configured to accurately identify, on the light detection
region, i.e. the light sensitive surface, of the light receiving
array 40, the light receiving area in which the image RS
based on the reflected light RS is actually formed. Then, the
measuring apparatus 20 detects peak intensities of the
reflected light RS in the identified light receiving area to
thereby obtain the distance signals DCS, thus externally
outputting the distance signals DCS. This configuration
enables a distance of a target object OBJ to be measured with
higher accuracy. That is, even if the location of the image RS
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based on reflected light formed on the light detection region
of the light receiving elements 50 is misaligned, the light-
receiving area calibrating routine (see step S200 of FIG. 7
and steps S205 to S270 of FIG. 8) enables the light receiving
area of the light detection region, in which the image of the
reflected light is actually formed, to be easily identified. The
identified light receiving area enables peaks intensities of
pixels to be easily detected, thus preventing reduction in
accuracy of measuring a distance of a target object OBJ.
[0194] The first embodiment changes the number of times
M in accordance with the intensity of the ambient light, but
the present disclosure is not limited thereto. Specifically, the
CPU 81 can reduce, from each of the sequentially generated
reflected-intensity images [.G, a value based on the intensity
of the ambient light while the number of times M is
maintained at a constant value or changes depending on the
intensity of the ambient light.
[0195] In addition, as illustrated in FIG. 10, a peak inten-
sity of each pixel of the cumulative sum image SG is stored
in the corresponding pixel of the frame memory FM, but the
present disclosure is not limited thereto. Specifically, the
sum of peak intensities of each horizontal row and the sum
of peak intensities of each vertical column can be stored in
the frame memory FM. For example, as illustrated in FIG.
10, the sum of peak intensities of the first horizontal row H1,
the sum of peak intensities of the second horizontal row H2,
. ., and the sum of peak intensities of the h-th horizontal
row Hh are stored in the frame memory FM for each of the
N-time sequential measurement operations. Similarly, the
sum of peak intensities of the first vertical column V1, the
sum of peak intensities of the second vertical column V2, .
. ., and the sum of peak intensities of the v-th vertical row
Vv are stored in the frame memory FM for each of the
N-time sequential measurement operations.
[0196] This configuration makes it possible to identify the
inner region, which has higher peak intensities, of the
cumulative sum image SG surrounded by the edge as the
light receiving area. This configuration eliminates the need
of storing a peak intensity of each pixel of the cumulative
sum image SG in the corresponding pixel of the frame
memory FM, resulting in reduction of the capacity of the
frame memory FM of the sum image generator 94.

Schematic Configuration of Optical Distance
Measuring Apparatus of Second Embodiment

[0197] The following describes an example of the con-
figuration of an optical distance measuring apparatus 20A
according to the second embodiment with reference to
FIGS. 12 to 14.

[0198] The structure and/or functions of the measuring
apparatus 20A according to the second embodiment are
mainly identical to those of the measuring apparatus 20
except for the following points. So, the following describes
mainly the different points.

[0199] Specifically, the measuring apparatus 20A of the
second embodiment is different from the measuring appa-
ratus 20 of the first embodiment in the internal structure of
a light receiving array 40A and the internal structure of a
SPAD calculator 100A.

[0200] Referring to FIGS. 12 and 13, the light receiving
array 40A is comprised of light receiving blocks 60, each of
which is comprised of light receiving elements, i.e. ava-
lanche photodiodes, 50, arranged as a two-dimensional
array; the light receiving blocks 60 constitute the light



US 2019/0265333 Al

detection region of the light receiving array 40A. That is, the
light receiving array 40A is comprised of (HxV) blocks of
the light receiving blocks 60. Each light receiving block 60
is comprised of (7x7) pixels of the light receiving elements
50. The internal structure of each of the light receiving
elements 50 of the second embodiment is identical to that of
the corresponding one of the light receiving elements 50 of
the first embodiment. Because the optical size of each light
receiving block 60 is set to be substantially identical to the
optical size of the corresponding light receiving element 50
of the first embodiment, the optical size of each light
receiving element 50 of the second embodiment is different
from the optical size of the corresponding light receiving
element 50 of the first embodiment. The number of light
receiving element 50 incorporated in each light receiving
block 60 can be freely set as long as it is equal to or more
than 2. The horizontal number of pixels and the vertical
number of pixels of the light receiving elements 50 can be
freely set as long as at least one of the horizontal number of
pixels and the vertical number of pixels of the light receiving
elements 50 is set to be equal to or more than 2.

[0201] The light receiving array 40A is also comprised of
inner block adders 43 provided for the respective light
receiving blocks 60. Each of the inner block adders 43
calculates the sum of the light pulse signals Sout output from
the respective light receiving elements 50 included in the
corresponding one of the inner block adders 43.

[0202] The light receiving array 40A is further comprised
of'a histogram memory 46 that stores signals output from the
respective light receiving blocks 60. That is, the histogram
memory 46 has a capacity that can store the histograms of
the respective (HxV) blocks 60.

[0203] As illustrated in FIG. 13, the output signals, i.e. the
pulse signals, Sout output from all the light receiving
elements 50 included in each light receiving block 60 are
output to the inner block adder 43 so as to be added to each
other. The added results of the respective inner block adders
43 are stored in the histogram memory 46. Specifically, the
first embodiment detects the intensities of the reflected light
pulses detected by each of the light receiving elements 50 N
times over time to thereby statistically detect a peak inten-
sity of the detected results (see FIG. 5).

[0204] In contrast, the second embodiment calculates, for
each light receiving block 60, the sum of the intensities of
the reflected light pulses simultaneously detected by the
light receiving elements 50 to thereby detect a peak intensity
of the sum of the intensities (see FIG. 14).

[0205] FIG. 14 schematically illustrates how a peak inten-
sity is detected for each light receiving block B1. For simply
describing how a peak intensity is detected for each light
receiving block B1, the light receiving block B1 is com-
prised of four light receiving elements G1 to G4.

[0206] When a reflected light pulse based on reflection of
the lase pulse by a specified portion of the target object OBJ
is incident to the light receiving block B1, each of the light
receiving elements G1 to G4 detects the reflected light pulse
at a specific point of time ST1 (see black circle) in FIG. 14
in a time axis. Each of the light receiving elements G1 to G4
also detects ambient-light noise pulses at different timings in
the time axis t.

[0207] Superimposing the signals output from the light
receiving elements G1 to G4 with each other to thereby
obtain an integrated histogram HN1 enables a peak intensity
to be easily obtained. That is, while the first embodiment
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superimposes the detected pulse signals with each other over
time, the second embodiment superimposes the detected
pulse signals, which are spatially close to each other, with
each other.

[0208] The example illustrated in FIG. 13 shows that the
detected pulse signals of the respective (7x7) pixels of the
light receiving elements 50 based on one laser pulse are
superimposed with each other, making it possible to reduce
time required to detect a peak intensity for each light
receiving block 60.

[0209] The integral histogram 46 for each light receiving
block 60, which includes a peak intensity, is stored in the
histogram memory 46, so that the SPAD calculator 100A has
no need of any structure for superimposing the detected
pulse signals with each other. Thus, as illustrated in FIG. 12,
the SPAD calculator 100A substantially includes only the
peak detector 108 for detecting, based on the integral
histogram HN1 for each of the (HxV) light receiving blocks
60, a peak intensity, i.e. a largest value, of the added results
for the corresponding one of the (HxV) light receiving
blocks 60.

[0210] Thus, like the first embodiment, the peak detector
108 is configured to read out the integrated histogram for
each of the (HxV) light receiving blocks 60 stored in the
histogram memory 46, and detect, for each of the (HxV)
light receiving blocks 60, the peak intensity. In addition, the
peak detector 108 calculates, based on the specific point ST1
of time of the peak intensity, time of flight, i.e. round-trip
time, during which the laser pulse transmitted from the laser
device 35 is propagated to the target object OBJ and, after
being reflected by the target object OB, back to each of the
(HxV) light receiving blocks 60.

[0211] In particular, the peak detector 108 is configured to
measure, based on the time of flight for each of the (HxV)
light receiving blocks 60, a distance of a corresponding
portion of the target object OBI relative to the corresponding
one of the (HxV) light receiving blocks 60.

[0212] That is, like the first embodiment, the SPAD cal-
culator 100A of the second embodiment serves as a mea-
surement unit that measures a distance of a target object for
each of the (HxV) light receiving blocks 60 based on the
added results of the pulse signals Sout of the light receiving
elements 50 in the corresponding (HxV) light receiving
blocks 60.

[0213] As described above, the measuring apparatus 20A
is configured to accurately identify, on the light detection
region, i.e. the light sensitive surface, of the light receiving
array 40A, the light receiving area in which the image RS
based on the reflected light RS is actually formed. Then, the
measuring apparatus 20A detects peak intensities of the
reflected light RS in the identified light receiving area to
thereby obtain the distance signals DCS, thus externally
outputting the distance signals DCS. This configuration
enables a distance of a target object OBJ to be measured with
higher accuracy.

[0214] That is, even if the location of the image RS based
on reflected light formed on the light detection region of the
light receiving elements 50 is misaligned, the light-receiving
area calibrating routine (see step S200 of FIG. 7 and steps
S205 to S270 of FIG. 8) enables the light receiving area of
the light detection region, in which the image of the reflected
light is actually formed, to be easily identified. The identified
light receiving area enables peaks intensities of pixels to be
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easily detected, thus preventing reduction in accuracy of
measuring a distance of a target object OBI.

[0215] In addition, the measuring apparatus 20A accord-
ing to the second embodiment eliminates the need of super-
imposing the detected pulse signals with each other over
time for generating an integral histogram, making it possible
to reduce time needed to measure a distance of a target
object OBIJ.

[0216] The SPAD calculator 100A can be configured to
successively obtain N measurement sets each including the
signals output from each light receiving block 60, and to
superimpose the N measurement sets with each other for
each light receiving block 60. This makes it possible to
further accurately detect a peak intensity of each light
receiving block 60. This modification can reduce the number
N as compared with the additional number N according to
the first embodiment. This reduces time needed to measure
a distance of a target object OBJ according to the first
embodiment as compared with that according to the first
embodiment.

Modifications

[0217] Each of the first and second embodiments can be
freely modified within the scope of the present disclosure.
[0218] Each of the first and second embodiments is con-
figured to perform the light-receiving area calibration sub-
routine before executing the distance measurement task, but
can be configured to perform the light-receiving area cali-
bration subroutine each time of executing the distance
measurement task.

[0219] Each of the first and second embodiments is con-
figured to perform the light-receiving area calibration sub-
routine without adjusting alignment of the optical system 30,
but can be configured to

[0220] (1) Detect a deviation of the location of an image
based on reflected light in the light sensitive surface of the
light receiving array 40 or 40A from an original location or
a design-time adjusted location, which will be referred to as
a default location

[0221] (2) Measure the deviation to thereby correct, based
on the detected deviation, the optical system 30 to a default
alignment corresponding to the default location of the image
[0222] For example, a mechanism M for correcting the
default alignment.

[0223] The mechanism M can be provided to two-dimen-
sionally move the location of the light receiving array 40 in
a direction along the light receiving surface of the light
receiving array 40, and the mechanism M can move the light
receiving array 40 such that the location of the image based
on reflected light is aligned with the default location. For
example, the combination of a rack, i.e. a spur gear, a pinion
gear, and a motor can easily constitute the mechanism M.
Specifically, a rack is so mounted on the light receiving
surface of the light receiving array 40 as to be two-dimen-
sionally movable on the light receiving surface. A pinion
gear rotatably joined to a rotating shaft of a motor is engaged
with the rack. The motor, which is connected to the con-
troller 80, is configured to rotate the pinion gear based on the
deviation under control of the controller 80 to thereby easily
adjust location of the light receiving array 40.

[0224] As another example, the mechanism M can be
provided to move the location of the laser diode 35 and
controllably connected to the controller 80. The mechanism
M can move the laser diode 35 under control of the con-
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troller 80 such that the location of the image based on
reflected light is aligned with the default location. As a
further example, the angle of the mirror 31 can be adjusted
such that the location of the image based on reflected light
is aligned with the default location under control of the
controller 80.

[0225] Additionally, the mechanism M can be provided to
three-dimensionally move the location of the light receiving
array 40 and controllably connected to the controller 80. If
it is determined that the high-cumulative region AG is larger
than its default size, it is determined that the light receiving
array 40 is deviated from a predetermined focal location of
the lens 36. Then, the controller 80 can cause the mechanism
M to move the light receiving array 40 in the optical
direction of the lens 36 to thereby adjust the size of the
high-cumulative region AG to match with its default size.
[0226] Each of the first and second embodiments describes
that the number of ambient noise pulses is constant inde-
pendently of the direction of incident reflected light to the
light receiving array 40, but the intensities or the number of
ambient noise pulses may be changed in the vertical direc-
tion.

[0227] For example, as illustrated in FIG. 15, if the
measuring apparatus 20 is mounted to the front end of a
vehicle CR, there are a larger number of ambient noise
pulses located above a reference plane RP passing through
the mount position of the measuring apparatus 20 along the
longitudinal direction of the vehicle CR, and there are a
smaller number of ambient noise pulses located below the
reference plane RP.

[0228] This therefore may result in lower accuracy of
measuring a distance of a target object located in the upper
side of the reference plane RP, and higher accuracy of
measuring a distance of a target object located in the lower
side of the reference plane RP.

[0229] Execution of the light-receiving area calibration
subroutine for the measuring apparatus 20 while the mea-
suring apparatus 20 is in the situation illustrated in FIG. 15
therefore may reduce identification accuracy of the upper
portion of the cumulative sum image SG in the frame
memory FM (see FIG. 16A).

[0230] For addressing such a situation, the measuring
apparatus 20 can be modified to

[0231] (1) Detect, based on a lower portion of the cumu-
lative sum image SG located in the lower side of the
reference plane RP in the frame memory FM, a lower
portion of the light receiving area

[0232] (2) Locate a previously prepared rectangular pixel
field having the size of (PxQ) pixels on the frame memory
FM such that the lower side of the pixel field is in alignment
with the lower side of the light receiving area in the frame
memory FM (see FIG. 16B), thus identifying the light
receiving area (see FIG. 16C).

[0233] Similarly, if the measuring apparatus 20 is mounted
to a vehicle, and there are a larger number of ambient noise
pulses located below the reference plane RP, and there are a
smaller number of ambient noise pulses located above the
reference plane RP, the measuring apparatus 20 can be
modified to determine the light receiving area based on an
upper portion of the cumulative sum image SG located in the
upper side of the reference plane RP in the frame memory
FM. Additionally, if the measuring apparatus 20 is mounted
to a vehicle, and there are a larger number of ambient noise
pulses located at a first lateral space relative to the vehicle,
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and there are a smaller number of ambient noise pulses
located at an opposing second lateral space relative to the
vehicle, the measuring apparatus 20 can be modified to
determine the light receiving area based on one left or right
side portion of the cumulative sum image SG corresponding
to the second lateral space in the frame memory FM.
[0234] Various types of the optical system 35 can be used.
Each light receiving element (APD) 50 can be driven in the
linear mode. High-sensitivity charge-coupled devices
(CCD), high-sensitive C-MOS optical sensors, PIN photo-
diodes, or photon sensors with electron-bombarded multi-
plication can be used as the light receiving elements 50.
[0235] The light receiving elements 50 or the light receiv-
ing blocks 60 can be arranged to have a honeycomb geom-
etry, or randomly arranged if the location of each element 50
or block 60 is identified.

[0236] The light receiving elements 50 in each light
receiving block 60 can also be freely arranged so as to have
a selected shape, such as a circular shape or a cross shape.
[0237] The optical system 30 is configured as a coaxial
optical system, but can be configured as a non-coaxial
optical system such that the transmission direction of a laser
pulse is different from a retuning direction of reflected pulse.
[0238] Each of the first and second embodiments uses a
single laser device 35 that outputs the laser light having a
beam spread angle 0 (see FIG. 2) along the direction of the
rotating shaft of the motor 31, but can use laser devices, each
of which outputs a single strong laser beam with a higher
directional feature, and the laser devices can be arranged
along the rotating shaft of the motor 31. The optical system
30 is configured to rotate the mirror 31 to thereby horizon-
tally scan the scannable space, but to vertically scan or to
scan both vertically and horizontally. The optical system 30
can be modified such that the plural laser devices 35 are
two-dimensionally arranged with respectively different laser
irradiating directions or such that the laser light is optically
diffused. This modification of the optical system 30 enables
the mirror 31 to be maintained to be unrotated, or eliminates
the need of mirrors.

[0239] Superimposition of the detected pulse signals with
each other is carried out in any one of a time domain or in
a space domain, but superimposition of the detected pulse
signals with each other can be carried out in both the time
domain and the space domain with higher distance mea-
surement accuracy.

[0240] Each of the first and second embodiments for
example performs, as a statistical task, a task of generating
a histogram of detected pulse signals, but can calculate a
root-mean square situation based on the integrated histo-
gram, and can eliminate peak intensities whose percentages
is outside the range of 30. Each of the first and second
embodiments can also be configured to eliminate abnor-
mally higher peak intensities as compared with other peak
intensities.

[0241] The functions of one element in each embodiment
can be distributed as plural elements, and the functions that
plural elements have can be combined into one element. At
least part of the structure of each embodiment can be
replaced with a known structure having the same function as
the at least part of the structure of the corresponding
embodiment. A part of the structure of each of the first and
second embodiments can be eliminated. At least part of the
structure of each of the first and second embodiments can be
replaced with or added to the structure of the other of the first
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and second embodiments. At least part of the software
structure of each embodiment can be replaced with an
equivalent hardware structure, and at least part of the
hardware structure of each embodiment can be replaced with
an equivalent software structure. All aspects included in the
technological ideas specified by the language employed by
the claims constitute embodiments of the present disclosure.

[0242] An apparatus for performing a measurement task of
optically measuring a distance of a target object according to
the present disclosure includes a light transmission unit
configured to perform transmission of measurement light to
a predetermined measurement space in which the target
object is located. The apparatus includes a light receiving
unit comprising, in a light detection region thereof, a plu-
rality of light receiving elements to which return light from
the measurement space is incident. Each of the plurality of
light receiving elements is configured to output an intensity
signal based on a corresponding intensity of the return light.
The return light includes reflected light reflected based on
reflection of the measurement light by the target object. The
apparatus includes an identifying unit configured to identify
a light receiving area in the light detection region as a
function of the intensity signals of the plurality of respective
light receiving elements. The light receiving area is based on
specified light receiving elements in the plurality of light
receiving elements, and the specified light receiving ele-
ments are arranged to receive the reflected light. The appa-
ratus includes a distance measuring unit configured to mea-
sure the distance of the target object in accordance with the
intensity signals received by the specified light receiving
elements.

[0243] Forexample, each of the plurality of light receiving
elements is configured to stochastically output the intensity
signal based on the corresponding intensity of the return
light. The identifying unit is configured to perform a statis-
tical task as a function of the output signals of the plurality
of respective light receiving elements to thereby identify the
light receiving area. PIN photodiodes or SPADs, each of
which can stochastically output a signal based on reflected
light incident thereto, can be used as the light receiving
elements. CCDs or MOS sensors, each of which outputs a
signal based on an intensity of reflected light incident thereto
can be used as the light receiving elements.

[0244] The light transmission unit can be configured to
perform, as the transmission of the measurement light to the
predetermined measurement space, transmission of first
measurement light to the predetermined measurement space,
and transmission of second measurement light to the pre-
determined measurement space. Each of the plurality of
light receiving elements can be configured to output, as the
intensity signal, a first intensity signal based on a corre-
sponding intensity of first return light from the measurement
space, and output, as the intensity signal, a second intensity
signal based on a corresponding intensity of second return
light from the measurement space. The first return light can
include light reflected based on reflection of the first mea-
surement light by the target object, and the second return
light can include light reflected based on reflection of the
second measurement light by the target object. The identi-
fying unit can be configured to perform, as the statistical
task, a task of calculating a sum of the first intensity signals
of each of the plurality of light receiving elements and the
second intensity signals of a corresponding one of the
plurality of light receiving elements to thereby obtain inten-
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sity peaks from the respective specified light receiving
elements, and identify the light receiving area in accordance
with an arrangement of the specified light receiving ele-
ments.

[0245] The light receiving unit can include a plurality of
light receiving blocks, each of the plurality of light receiving
blocks comprising the plurality of light receiving elements.
The identifying unit can be configured to perform, as the
statistical task, a task of calculating the sum of the intensity
signals from the plurality of respective light receiving ele-
ments for each of the plurality of light receiving blocks to
thereby obtain intensity peaks from specified light receiving
blocks in the plurality of light receiving blocks, and identify
the light receiving area in accordance with an arrangement
of the specified light receiving blocks.

[0246] The light transmission unit can be configured to
perform, as the transmission of the measurement light to the
predetermined measurement space, transmission of first
measurement light to the predetermined measurement space,
and transmission of second measurement light to the pre-
determined measurement space. The identifying unit can be
configured to obtain, based on the first measurement light, a
first sum of the intensity signals from the plurality of
respective light receiving elements for each of the plurality
of light receiving blocks, obtain, based on the second
measurement light, a second sum of the intensity signals
from the plurality of respective light receiving elements for
each of the plurality of light receiving blocks, and calculate
a total sum of the first sum for each of the plurality of light
receiving blocks and the second sum for the corresponding
one of the plurality of light receiving blocks.

[0247] The identifying unit can be configured to obtain a
first peak intensity based on the first intensity signals of each
of the plurality of light receiving elements, obtain a second
peak intensity based on the second intensity signals of each
of the plurality of light receiving elements, and calculate a
sum of the first peak intensity and the second peak intensity
for each of the plurality of light receiving elements to
thereby obtain an intensity distribution image comprised of
pixels each having a corresponding one of the intensity
peaks.

[0248] The light transmission unit can be configured to
perform the transmission of a set of the first measurement
light and the second measurement light a predetermined
number of times. Each of the plurality of light receiving
elements is configured to output a set of the first and second
intensity signals of each of the plurality of light receiving
elements for each of the predetermined number of times.
The identifying unit is configured to generate, based on the
set of the first and second intensity signals of each of the
plurality of light receiving elements, the intensity distribu-
tion image for each of the predetermined number of times.
Each of the intensity distribution images being comprised of
first pixels each corresponding to one of the light receiving
elements, each of the first pixels having a first pixel value
including the intensity signal of a corresponding one of the
light receiving elements. The identifying unit is configured
to superimpose the intensity distribution images generated
for the respective number of times with each other to thereby
obtain a cumulative sum image. The cumulative sum image
is comprised of second pixels respectively corresponding to
the first pixels, each of the second pixels having the sum of
the first pixel values of a corresponding one of the first
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pixels. The identifying unit is configured to identify, based
on the cumulative sum image, the light receiving area.

[0249] The light transmission unit can be configured to
perform transmission of the measurement light to the pre-
determined measurement space a predetermined number of
times. Each of the plurality of light receiving elements can
be configured to output the intensity signal based on the
corresponding intensity of the return light for each of the
predetermined number of times. The identifying unit can be
configured to generate, based on the intensity signals of the
plurality of respective light receiving elements, an intensity
distribution image for each of the predetermined number of
times. Each of the intensity distribution images can be
comprised of first pixels each corresponding to one of the
light receiving elements, each of the first pixels having a first
pixel value including the intensity signal of a corresponding
one of the light receiving elements. The identifying unit can
be configured to superimpose the intensity distribution
images generated for the respective number of times with
each other to thereby obtain a cumulative sum image. The
cumulative sum image being comprised of second pixels
respectively corresponding to the first pixels. Each of the
second pixels can have the sum of the first pixel values of a
corresponding one of the first pixels. The identifying unit
can be configured to identify, based on the cumulative sum
image, the light receiving area.

[0250] In the apparatus according, an ambient light detec-
tor can be configured to detect an intensity of ambient light.
The identifying unit can be configured to determine whether
the intensity of the ambient light is equal to or larger than a
predetermined intensity, and increase the predetermined
number of times upon determining that the intensity of the
ambient light is equal to or larger than the predetermined
intensity.

[0251] The identifying unit can be configured to reduce,
from each of the intensity distribution images, the detected
intensity of the ambient light, and superimpose the intensity
distribution images, from each of which the detected inten-
sity of the ambient light has been reduced, with each other.

[0252] The cumulative sum image can have a predeter-
mined edge. The identifying unit can be configured to
determine, based on a previously determined size of the light
receiving area and at least first part of an edge of the
cumulative sum image, an edge of the light receiving area
when at least one of

[0253] (1) A second part, which is opposite to the first part,
of'the edge of the cumulative sum image having a lower one
of the second pixel values

[0254] (2) The second part of the edge of the cumulative
sum image being closer to ambient light

[0255] The plurality of light receiving elements can be
arranged in rows and columns, and the identifying unit can
be configured to calculate a sum of the intensity peaks for
each row of the specified light receiving elements, calculate
a sum of the intensity peaks for each column of the specified
light receiving elements, and identify the light receiving area
in accordance with an arrangement of each row of the
specified light receiving elements and each column of the
specified light receiving elements.

[0256] The identifying unit can be configured to perform
the statistical task as a function of the output signal of each
of the plurality of respective light receiving elements, and
identify the light receiving area in accordance with
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[0257] (1) A result of the statistical task for each of the
plurality of respective light receiving elements

[0258] (2) A shape of an optical image formed on the
light receiving area based on the reflected light

[0259] The identifying unit can be configured to perform
an identification task of identifying the light receiving area
at any one of the following first (i) to ninth (ix) timings:
[0260] (i) The first timing when the apparatus is started
[0261] (ii) The second timing that cyclically occurs while
the apparatus is performing the measurement task

[0262] (iii) The third timing when the apparatus is termi-
nated

[0263] (iv) The fourth timing being any timing while the
measuring apparatus 20 is not executing the distance mea-
surement task, for example, when the vehicle is stopped
[0264] (v) The fifth timing indicative of each time the
apparatus starts the identification task

[0265] (vi) The sixth timing indicative of a temporarily
allowable timing during execution of the measurement task
[0266] (vii) The seventh timing when calibration of the
light receiving area is instructed by a user

[0267] (viii) The eighth timing when it is determined that
the target object is located within a predetermined distance
range from the apparatus

[0268] (ix) The ninth timing when an external calibration
instruction is input to the apparatus at factory adjustment or
periodic inspection of the apparatus

[0269] The identifying unit can be configured to calibrate
the identified light receiving area. The distance measuring
unit can be configured to measure the distance of the target
object relative to the apparatus in accordance with at least
part of the intensity signals received by the respective
specified light receiving elements, the at least part of the
intensity signals being included in the calibrated light
receiving area.

[0270] The measuring apparatus 20 can be installed in one
of other mobile members, such as air crafts including
drones, ships, robots, and other slimier machines.

[0271] While the illustrative embodiments of the present
disclosure have been described herein, the present disclosure
is not limited to the embodiments described herein, but
includes any and all embodiments having modifications,
omissions, combinations (e.g., of aspects across various
embodiments), adaptations and/or alternations as would be
appreciated by those having ordinary skill in the art based on
the present disclosure. The limitations in the claims are to be
interpreted broadly based on the language employed in the
claims and not limited to examples described in the present
specification or during the prosecution of the application,
which examples are to be construed as non-exclusive.

What is claimed is:

1. An apparatus for performing a measurement task of
optically measuring a distance of a target object, the appa-
ratus comprising:

a light transmission unit configured to perform transmis-
sion of measurement light to a predetermined measure-
ment space in which the target object is located;

a light receiving unit comprising, in a light detection
region thereof, a plurality of light receiving elements to
which return light from the measurement space is
incident, each of the plurality of light receiving ele-
ments being configured to output an intensity signal
based on a corresponding intensity of the return light,
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the return light including reflected light reflected based
on reflection of the measurement light by the target
object;
an identifying unit configured to identify a light receiving
area in the light detection region as a function of the
intensity signals of the plurality of respective light
receiving elements,
the light receiving area being based on specified light
receiving elements in the plurality of light receiving
elements, the specified light receiving elements being
arranged to receive the reflected light; and
a distance measuring unit configured to measure the
distance of the target object in accordance with the
intensity signals received by the specified light receiv-
ing elements.
2. The apparatus according to claim 1, wherein:
each of the plurality of light receiving elements is con-
figured to stochastically output the intensity signal
based on the corresponding intensity of the return light;
and
the identifying unit is configured to perform a statistical
task as a function of the output signals of the plurality
of respective light receiving elements to thereby iden-
tify the light receiving area.
3. The apparatus according to claim 2, wherein:
the light transmission unit is configured to perform, as the
transmission of the measurement light to the predeter-
mined measurement space, transmission of first mea-
surement light to the predetermined measurement
space, and transmission of second measurement light to
the predetermined measurement space;
each of the plurality of light receiving elements is con-
figured to:
output, as the intensity signal, a first intensity signal
based on a corresponding intensity of first return
light from the measurement space; and
output, as the intensity signal, a second intensity signal
based on a corresponding intensity of second return
light from the measurement space,
the first return light including light reflected based on
reflection of the first measurement light by the target
object,
the second return light including light reflected based on
reflection of the second measurement light by the target
object; and
the identifying unit is configured to:
perform, as the statistical task, a task of calculating a
sum of the first intensity signals of each of the
plurality of light receiving elements and the second
intensity signals of a corresponding one of the plu-
rality of light receiving elements to thereby obtain
intensity peaks from the respective specified light
receiving elements; and
identify the light receiving area in accordance with an
arrangement of the specified light receiving ele-
ments.
4. The apparatus according to claim 2, wherein:
the light receiving unit comprises a plurality of light
receiving blocks, each of the plurality of light receiving
blocks comprising the plurality of light receiving ele-
ments; and
the identifying unit is configured to:
perform, as the statistical task, a task of calculating the
sum of the intensity signals from the plurality of
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respective light receiving elements for each of the
plurality of light receiving blocks to thereby obtain
intensity peaks from specified light receiving blocks
in the plurality of light receiving blocks; and
identify the light receiving area in accordance with an
arrangement of the specified light receiving blocks.
5. The apparatus according to claim 4, wherein:
the light transmission unit is configured to perform, as the
transmission of the measurement light to the predeter-
mined measurement space, transmission of first mea-
surement light to the predetermined measurement
space, and transmission of second measurement light to
the predetermined measurement space; and
the identifying unit is configured to:
obtain, based on the first measurement light, a first sum
of the intensity signals from the plurality of respec-
tive light receiving elements for each of the plurality
of light receiving blocks;
obtain, based on the second measurement light, a
second sum of the intensity signals from the plurality
of respective light receiving elements for each of the
plurality of light receiving blocks; and
calculate a total sum of the first sum for each of the
plurality of light receiving blocks and the second
sum for the corresponding one of the plurality of
light receiving blocks.
6. The apparatus according to claim 3, wherein:
the identifying unit is configured to:
obtain a first peak intensity based on the first intensity
signals of each of the plurality of light receiving
elements;
obtain a second peak intensity based on the second
intensity signals of each of the plurality of light
receiving elements; and
calculate a sum of the first peak intensity and the
second peak intensity for each of the plurality of
light receiving elements to thereby obtain an inten-
sity distribution image comprised of pixels each
having a corresponding one of the intensity peaks.
7. The apparatus according to claim 6, wherein:
the light transmission unit is configured to perform the
transmission of a set of the first measurement light and
the second measurement light a predetermined number
of times;
each of the plurality of light receiving elements is con-
figured to:
output a set of the first and second intensity signals of
each of the plurality of light receiving elements for
each of the predetermined number of times; and
the identifying unit is configured to:
generate, based on the set of the first and second
intensity signals of each of the plurality of light
receiving elements, the intensity distribution image
for each of the predetermined number of times,
each of the intensity distribution images being comprised
of first pixels each corresponding to one of the light
receiving elements, each of the first pixels having a first
pixel value including the intensity signal of a corre-
sponding one of the light receiving elements;
superimpose the intensity distribution images gener-
ated for the respective number of times with each
other to thereby obtain a cumulative sum image, the
cumulative sum image being comprised of second
pixels respectively corresponding to the first pixels,
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each of the second pixels having the sum of the first
pixel values of a corresponding one of the first
pixels; and
identify, based on the cumulative sum image, the light
receiving area.
8. The apparatus according to claim 7, further comprising:
an ambient light detector configured to detect an intensity
of ambient light,
wherein:
the identifying unit is configured to:
determine whether the intensity of the ambient light is
equal to or larger than a predetermined intensity; and
increase the predetermined number of times upon
determining that the intensity of the ambient light is
equal to or larger than the predetermined intensity.
9. The apparatus according to claim 8, wherein:
the identifying unit is configured to:
reduce, from each of the intensity distribution images,
the detected intensity of the ambient light; and
superimpose the intensity distribution images, from
each of which the detected intensity of the ambient
light has been reduced, with each other.
10. The apparatus according to claim 7, wherein:
the cumulative sum image has a predetermined edge; and
the identifying unit is configured to:
determine, based on a previously determined size of the
light receiving area and at least first part of an edge
of the cumulative sum image, an edge of the light
receiving area when at least one of:
a second part, which is opposite to the first part, of
the edge of the cumulative sum image having a
lower one of the second pixel values; and
the second part of the edge of the cumulative sum
image being closer to ambient light.
11. The apparatus according to claim 3, wherein:
the plurality of light receiving elements are arranged in
rows and columns; and
the identifying unit is configured to:
calculate a sum of the intensity peaks for each row of
the specified light receiving elements;
calculate a sum of the intensity peaks for each column
of the specified light receiving elements; and
identify the light receiving area in accordance with an
arrangement of each row of the specified light
receiving elements and each column of the specified
light receiving elements.
12. The apparatus according to claim 2, wherein:
the identifying unit is configured to:
perform the statistical task as a function of the output
signal of each of the plurality of respective light
receiving elements; and
identify the light receiving area in accordance with:
a result of the statistical task for each of the plurality
of respective light receiving elements; and
a shape of an optical image formed on the light
receiving area based on the reflected light.
13. The apparatus according to claim 1, wherein:
the identifying unit is configured to:
perform an identification task of identifying the light
receiving area at any one of the following first (i) to
ninth (ix) timings:
(1) The first timing when the apparatus is started
(i1) The second timing that cyclically occurs while
the apparatus is performing the measurement task.
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(ii1) The third timing when the apparatus is termi-
nated
(iv) The fourth timing when it is determined that
apparatus has no need of executing the distance
measurement task
(v) The fifth timing indicative of each time the
apparatus starts the identification task
(vi) The sixth timing indicative of a temporarily
allowable timing during execution of the measure-
ment task
(vii) The seventh timing when calibration of the light
receiving area is instructed by a user
(viii) The eighth timing when it is determined that
the target object is located within a predetermined
distance range from the apparatus
(ix) The ninth timing when an external calibration
instruction is input to the apparatus at factory
adjustment or periodic inspection of the apparatus;
and
calibrate the identified light receiving area; and
the distance measuring unit is configured to measure the
distance of the target object relative to the apparatus in
accordance with at least part of the intensity signals
received by the respective specified light receiving
elements, the at least part of the intensity signals being
included in the calibrated light receiving area.
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14. A method of optically measuring a distance of a target
object, the method comprising:

performing transmission of measurement light to a pre-
determined measurement space in which the target
object is located;

causing each of plurality of light receiving elements, to
which return light from the measurement space is
incident, to output an intensity signal based on a
corresponding intensity of the return light, the return
light including reflected light reflected based on reflec-
tion of the measurement light by the target object;

outputting an intensity signal based on a corresponding
intensity of the return light;

identifying a light receiving area in the light detection
region as a function of the intensity signals of the
plurality of respective light receiving elements,

the light receiving area being based on specified light
receiving elements in the plurality of light receiving
elements, the specified light receiving elements being
arranged to receive the reflected light; and

measuring the distance of the target object relative to the
apparatus in accordance with the intensity signals
received by the specified light receiving elements.
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